Background. Catheter ablation of accessory atrioventricular (AV) connections has been demonstrated to be effective in more than 85% of patients. One of the risks of this procedure is radiation exposure during the fluoroscopic imaging necessary to guide catheter manipulation. The objective of the present study was to measure the radiation received by patients and physicians during radiofrequency catheter ablation and to estimate the resultant somatic and genetic risks.
Background. Catheter ablation of accessory atrioventricular (AV) connections has been demonstrated to be effective in more than 85% of patients. One of the risks of this procedure is radiation exposure during the fluoroscopic imaging necessary to guide catheter manipulation. The objective of the present study was to measure the radiation received by patients and physicians during radiofrequency catheter ablation and to estimate the resultant somatic and genetic risks.
Methods and Results. Radiation exposure to patients and physicians was measured during attempts at radiofrequency catheter ablation of accessory AV connections in 31 consecutive patients. Radiation exposure was measured using thermoluminescent sensors placed on the patient and on the physician. Somatic and genetic risks were estimated based on the radiation levels recorded using these sensors. The durations of fluoroscopy and of the catheter ablation procedure were recorded for each patient. Catheter ablation was successful in 28 of 31 patients (90%). Mean±SD duration of fluoroscopy was 44+±40 minutes. The largest patient radiation dose was measured over the ninth vertebral body posteriorly (median, 7.26 rem [roentgen equivalents man]; range, 0.31-135.7 rem). Median radiation dose to the thyroid was 0.46 rem (range, 0.06-7.26 rem), and median radiation dose to the posterior iliac crest was 2.43 rem (range, 0.01-8.3 rem). The greatest radiation dose to the operator was recorded at the left hand (99 mrem). Mean radiation dose to the operator's eyes was 28 mrem. Conclusions. Radiofrequency catheter ablation of accessory AV connections may result in significant radiation exposure to the patient and to the physician. Each hour of fluoroscopic imaging is associated with a lifetime risk of developing a fatal malignancy of 0.1% and a risk of a genetic defect of 20 per 1 million births. Although these risks must be recognized, they are relatively small compared with the risks associated with alternate approaches to management, including no therapy, antiarrhythmic drug therapy, and surgery. (Circulation 1991; 84:2376 -2382 Caatheter ablation of accessory atrioventricular (AV) connections with radiofrequency energy has been demonstrated to be effective in more than 85% of patients with Wolff-ParkinsonWhite syndrome or paroxysmal supraventricular tachycardia (PSVT) using a concealed accessory AV connection.1-5 Although complications at the time of the procedure and during short-term follow-up appear to be infrequent,1-5 the long-term risks of the procedure remain unknown. A potential source of risk to the patient and to the physicians performing the proce-dure is the radiation exposure from fluoroscopic imaging required to guide catheter manipulation. To determine the proper role of radiofrequency catheter ablation of accessory AV connections in the management of patients with PSVT or Wolff-ParkinsonWhite syndrome, this risk must be evaluated.
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The objective of the present study was to measure the radiation exposure to patients and physicians during radiofrequency catheter ablation of accessory AV connections and to estimate the resultant somatic and genetic risks.
Methods

Patient Characteristics
Enrolled into the present study were 31 consecutive patients with Wolff-Parkinson-White syndrome or PSVT using a concealed accessory AV connection who underwent an attempt at radiofrequency catheter ablation of an accessory AV connection. Mean patient age was 35±15 years (age range, 14-67 years). Seventeen patients were women, and 14 were men. No patient had evidence of structural heart disease. Each patient had a history of symptomatic tachycardia with mean [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] seconds.
Procedure Duration
In each patient, the amount of time required for inserting and positioning catheters, for the diagnostic component of the electrophysiological test, and for the catheter ablation procedure was recorded. The duration of fluoroscopy was also recorded for each procedure. The times required to remove the catheters and to obtain hemostasis were not recorded. The duration of the ablation procedure was limited to 4 hours.
Fluoroscopic System and Radiation Measurements
A Siemens Angioscop D/Polydoros 80 single-plane fluoroscopic system with a 27-cm image area was used to guide the placement of electrode catheters. Automatic brightness control was used, which resulted in a tube potential of 70-109 kV and 1-4.3 mA. The system was calibrated to allow a maximum output of 9.5 roentgens per minute (R/min) at a distance of 30 cm from the image intensifier. The electrode catheters were positioned in the heart using fluoroscopic imaging in the posteroanterior projection. Precise catheter manipulation within the heart was performed in either the 300 left anterior oblique or the 300 right anterior oblique projection. For ablation of right-sided accessory AV connections, the left anterior oblique projection was primarily used, whereas for ablation of left-sided accessory AV connections, the right anterior oblique projection was used to position the catheter against the annulus and the left anterior oblique projection was used for precise localization.
Each patient had six lithium fluoride thermoluminescent dosimeter (TLD) sensors (Landauer TLD-100 3 x 3 x 0.9-mm chips) taped to the body before the electrophysiological study and catheter ablation procedure. The minimum detectable amount of radiation (+SD of background) was 10 mrem. One TLD sensor was placed over the thyroid, a second was placed over the xyphoid process anteriorly, and a third was placed on the patient's back at the level of the ninth vertebral body. The fourth and fifth TLD sensors were placed at the level of the xyphoid process in the left and right midaxillary lines. The sixth sensor was placed on the patient's back in the midline at the level of the iliac crests to assess gonadal radiation exposure.
Radiation exposure to the operator was measured using six TLD sensors that were taped to the physician before the procedure. Sensors were placed on the physician's left hand, at waist level outside the lead apron, and at waist level inside the lead apron. A fourth TLD sensor was placed on the physician's left maxillary process immediately below the left eye, and the last two TLD sensors were placed inside and outside the physician's thyroid collar. To obtain accurate radiation dose levels (i.e., substantially above the dosimeter's minimum detectable dose), cumulative exposure to the operator was measured during five or six consecutive procedures. Six sets of TLD sensors were used to assess physician radiation exposure during the study. Each of the physicians involved was experienced in radiofrequency catheter ablation and had participated in a minimum of 75 ablation procedures before initiation of the study. The physicians stood at the patient's right side and wore standard lead aprons and thyroid collars during the procedures. A lead shield was suspended from Shown in Table 2 is the radiation exposure to the physicians participating in the present study. Radia- The levels of radiation exposure recorded during catheter ablation of accessory AV connections in the present study were slightly greater than those reported during diagnostic catheterizations and PTCA procedures. Mean radiation exposure to the left maxilla, in close proximity to the left eye, was 28 mrem; mean exposure to the thyroid was 20 mrem; and mean exposure to the left hand was 99 mrem. The radiation exposure received by the operator's left hand was much greater than that reported during PTCA procedures,8 reflecting the constant placement of the operator's left hand on the ablation catheter as it enters the body from the left femoral area.
Patient Radiation Risks
It is difficult to quantify the risk of a fatal malignancy or genetic defect in future generations resulting from radiation exposure received during radiofrequency catheter ablation of accessory AV connections. However, estimates can be made based on studies of atomic bomb survivors and patients radiated for treatment of spondylitis.11-3 The Biological Effects of Ionizing Radiation (BEIR V) Committee's report was used to estimate the radiation risks shown in Table 3 . 13 The BEIR V Committed's risk estimation models are based on the age of the patient at the time of exposure to radiation. We have used the mean age of our patient population (35 years) to compute radiation risk and estimated the absorbed radiation dose based on the radiation exposure recorded by the TLD sensors that were used in the present study.6'1314 The values shown in Table 3 are the numbers of predicted excess fatal malignancies contracted over a lifetime per 1 million patients as a result of the radiation dose received during the radiofrequency catheter ablation procedure. Data are presented for the mean fluoroscopy time of 44 minutes and are normalized to estimate the risk per 60 minutes of fluoroscopy time. Table 3 includes risk estimates for patients with leukemia, breast cancer, and lung cancer. Radiation exposure received during radiofrequency catheter ablation of accessory AV con- Refer to "Patient Radiation Risks" in "Discussion."
nections might also result in other types of fatal cancers such as bone or digestive cancers; however, the incidence would be much lower than those included in Table 3 . Thyroid cancer is not usually fatal (mortality/ incidence, approximately 0.1),13 and for this reason thyroid cancer was not included in Table 3 .
The estimated risk of a fatal malignancy for the patient radiation exposure measured in the present study is approximately 0.7 per 1,000 patients or one per 1,000 patients per 1 hour of fluoroscopy. This compares with an expected incidence of fatal malignancies of 200 per 1,000 patients in the absence of radiation exposure.13 Although no previous study has estimated the risk of radiation during radiofrequency catheter ablation, these estimates are higher than those of studies that have estimated the radiation risks during cardiac catheterization and PTCA procedures. Faulkner et a19 estimated a risk of fatal malignancy of 0.13 per 1,000 patients during cardiac catheterization and 0.08 per 1,000 patients during PTCA procedures. The risk of fatal malignancy was lower for these procedures because of lower measured radiation doses and because Faulkner et al used the International Committee on Radiological Protection (ICRP)12 risk estimates. The BEIR V Committee's risk estimates are approximately twofold to fivefold the previous ICRP estimates.
The BIER V Committee's models for genetic radiation risks were used to estimate genetic risks. The committee emphasized genetic effects that manifest themselves in the first generation and did not attempt to estimate the radiation-induced genetic effects for disorders of complex etiology, such as heart disease and cancer. The risk estimation for autosomal dominant abnormalities in the first generation is five to 35 cases per 1 million liveborn per rem, whereas the risk for all genetic disorders would be less than 50 cases per 1 million liveborn per rem.
The absorbed dose to the female gonads was estimated from the dosimeter located near the patient's iliac crest. We did not attempt to measure the dose to the male gonads; however, the data of Faulkner et a19 indicated that the male gonads receive approximately one fourth the dose received by the female gonads during cardiac catheterizations and PTCA. Using an exposure level of 0.1 rem to the male gonads and 0.4 rem to the female gonads, the number of predicted genetic disorders would be five and 20 per 1 million births for male and female patients, respectively. In comparison, Faulkner et al estimated the genetic risks of cardiac catheterization or PTCA to be one per 1 million births for men and two to five per 1 million births for women. Although the genetic risks are higher than for cardiac catheterization and PTCA, the genetic risks are nevertheless quite small and substantially less than the somatic risks.
Physician Radiation Risks
The amount of radiation exposure received by the catheter operator during the study was small and well below the occupational radiation exposure guidelines established by the National Council on Radiation Protection and Measurements (NCRP).15 The current guidelines limit the annual whole body (head and trunk) dose to 5 rem; the dose to the lens of the eye to 15 rem; and the dose to other organs, including the skin, extremities, breast, thyroid, and gonads, to 50 rem. Assuming that the radiation exposure measured at the left maxilla approximates head exposure and assuming an average fluoroscopy time of 44 minutes per case, a single operator should be limited to 15 ablation procedures per month. Based on the radiation exposure to the left hand, current NCRP guidelines would limit the number of ablation procedures performed by a single operator to 42 ablation procedures per month. If the average fluoroscopy time is significantly more than 44±+40 minutes, these limits must be reduced accordingly.
Clinical Implications
Although the risks resulting from radiation exposure during radiofrequency catheter ablation of accessory AV connections must be recognized, they appear to be acceptable compared with the risk associated with alternative treatment strategies. Antiarrhythmic drug therapy is associated with a 3-34% risk of proarrhythmia, which at times may be fatal. [16] [17] [18] [19] Additional organ toxicity is seen with all antiarrhythmic agents and has an incidence of as high as 26% in the case of amiodarone.20 Because many patients with Wolff-Parkinson-White syndrome or PSVT are women of childbearing age, the risk of congenital defects resulting from pregnancy occurring in the presence of an antiarrhythmic agent must also be considered. Surgical therapy also carries a risk. Although many series of patients having undergone surgical resection of accessory AV connections report no perioperative deaths,21-23 other series report a perioperative mortality rate as high as 5%. [24] [25] [26] The mortality risk of general anesthesia alone is approximately 0.1%.27 Thus, in patients with WolffParkinson-White syndrome who undergo radiofrequency catheter ablation of an accessory AV connection, the very small genetic risk and 0.07% lifetime risk of developing a fatal malignancy due to radiation exposure appear to be small relative to the risks associated with other therapeutic approaches.
The risk-to-benefit ratio must also be assessed for asymptomatic patients demonstrated to have WolffParkinson-White pattern on an ECG. 28 Although the risks associated with radiation exposure during catheter ablation of accessory AV connections appear to be acceptable relative to the risks of alternative therapeutic modalities, these risks are significant, and efforts should therefore be taken to limit radiation exposure. This can be accomplished in several ways. First, fluoroscopy time should be minimized. Physicians performing radiofrequency catheter ablation should be aware of the relation among success rate, procedure duration, fluoroscopy time, and radiation risk. We have found that radiofrequency catheter ablation can be accomplished successfully in 90% of patients with an average of less than 1 hour of fluoroscopic imaging. Although our success rate may have increased by prolonging the duration of our procedures, the risk of radiationinduced fatal malignancies would have also increased at a rate of 0.1% per hour of fluoroscopy. At some point, surgical treatment, which has close to a 100% success rate and a very low risk of mortality, may become safer than continuing the attempt at catheter ablation.
Second, coronary angiography should not be performed routinely in these patients at the time of catheter ablation. This is of little benefit to the patient and results in a significant amount of additional radiation exposure over that resulting from the fluoroscopic imaging necessary to guide catheter manipulation during the ablation procedure.7-9 Third, if available, pulse fluoroscopy should be used because it can reduce radiation exposure by as much as 30%. And last, the radiographic beam should be collimated to the smallest field size necessary for the procedure. These measures will also reduce radiation exposure to the physician performing the study. Further reductions to the radiation exposure received by the physician can be accomplished by wearing lead glasses and by using a team approach in which several physicians share in catheter manipulation.
